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[57] ABSTRACT 

A catheter for introducing material into the vascular 
system is provided. The catheter includes an elongated 
catheter body having a side wall defining a catheter 
lumen. The catheter body has a proximal portion. Mate- 
rial can be introduced into the catheter lumen at its 
proximal portion. The catheter body has a distal por- 
tion. The distal portion has a single wall in an exit zone. 
At least one pressure responsive exit is formed in the 
side wall of the distal portion of the catheter body. The 
pressure responsive exit permits material to exit from 
the catheter lumen in response to a pressure over a first 
predetermined amount while preventing material from 
entering into the catheter lumen at a pressure less than 
a second predetermined amount. 

23 Claims, 6 Drawing Sheets 
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PRESSURE RESPONSIVE VALVE CATHETER. 

RELATED APPLICATION 

This is a continuation-in-part of the U.S. patent appli- 
cation No. 07/583,466, filed on Sep. 17,1990 now aban- 
doned. . 

BACKGROUND OF THE INVENTION 

The present invention relates to a catheter for use in 
the vascular system and, more particularly, to such a 
catheter which is formed with pressure responsive 
yaJves therein. 

Catheters for delivery of fluids into the vascular sys- 
tem are known in the art. These catheters include a 
catheter lumen having a proximal end through which 
material, is introduced into the catheter lumen and a 
distal end from which fluid exits from the catheter lu- 
men. Some catheters are formed with a single distal end 
hole which serves both as a means of egress for the fluid 
and a passageway through which a guide wire can fit. 
In addition to an end hole some catheters are formed 
with multiple side holes: The provision of multiple side 



infused are therapeutic agents or nutrients. The Melski 
catheter, like the Spencer catheter, has a double wall in 
the area of the slits. The Melski catheter has an inner 
wall with apertures formed therein covered by an outer 
wall with slits formed therein. Melski discloses the use 
of a medical grade silicone rubber for both his inner and 
outer wall. However, Melski makes it clear that the 
inner wall should be made of a stiff er material than the 
outer wall in order for the two walls to work together 
to provide a one-way valve. 

The catheters disclosed in the '249 and *319 patents 
may prove useful for delivering fluids at low pressure 
into the vasculature. Where a high pressure delivery is 
needed, however, the use of two walls to create the 
valve makes the valve incapable of withstanding re- 
peated high pressure and/or high velocity injections. 
The walls may delaminate under these circumstances 
and the catheter would fail. An additional problem with 
2Q the two walled construction described in these patents 
is that they have a step on the exterior surface of the 
catheter, where, the inner tube fits into the outer tube, 
and this step provides a location for clot formation. An 
additional problem with the catheters disclosed in these 



10 



15 



holes permits better mixing of fluid with blood, avoids a . . ... . . ■ trt 

stronirnd hole jet, and permits a slightly higher flow patents is toat they^are relatively expensive to inanufac- 

c™. ^.CZia- uaw L.,:S„a ture and fluid distribution problems may arise if the 

windows and slits are not properly aligned. 

When catheters are used for certain procedures it is 
desirable to insert the catheter at a site remote from the 
30 site where the fluid is to be injected. In such cases the 
catheter must be steered through the somewhat tortu 



rate. Some catheters with side holes have no end hole. 
Without an end hole the catheter cannot be used with a 
guide wire. 

Catheters with multiple side holes may have prob- 
lems with uniform fluid distribution. Additionally, mul- 
tiple side holes create a problem where the guide wire 
may inadvertently exit from a side hole instead of from 
the end hole. Further, and especially where non-ionic 
contrast media is used, blood tends to clot at the side 
holes, which may cause delivery problems. Further, 
side holes are completely open and vulnerable to the 
ambient conditions surrounding them. Thus, when the 
catheter is in the vascular system it is possible, even at 
low pressure gradient, to get blood flow through the 



ous vasculature. In order to so do, the catheter itself 
must possess sufficient stiffness, torqueability, and push- 
ability. In the alternative the catheter may be con- 
35 structed for use with a guide wire, the guide wire pro- 
viding the needed stiffness, torqueability, and pushabil- 
ity characteristics. Where a guide wire is to be used 
with a catheter, the catheter must be provided with an 
end hole. However, end holes can create problems 



side holes into the .catheter creating the possibility of 40 wnen it is desired to deliver fluid with a uniform distri- 



clot formation in the side hole. Further, the use of multi 
pie side holes can cause the outer wall of the catheter to 
be less smooth than desired resulting in an inadvertent 
gouging of the tissue. This is a bigger problem where 
the catheter is introduced at a site remote from the site 45 
where the fluid is to be delivered. 

Catheters formed with slits, instead of holes, in the 
distal segment of the catheter are known in the art. The 
provision of slits in lieu of holes is intended to overcome ^ ^ 
some oftheproblems.created by catheters with multiple 50 
side holes. A catheter formed with distal slits is dis- 
closed in U.S. Pat. No. 3,888,249 issued to David L. 
Spencer on Jun. 10, 1975. The Spencer Patent disclosed 
a catheter for infusion of medication into an artery. The 
medication flows through the catheter lumen and exits 55 
into the artery through the distal slits which act as 
valves. The '249 catheter has a double wall in the area 
of the slits. It includes an inner wall with windows 
formed therein and ah outer wall formed with slits 



bution along the length of the distal portion of the cath- 
eter. 

Thrombolysis involves the dissolving of blood clots 
in the vascular system. There are a large number of 
people who need to have such bipod clots dissolved. It 
has been proposed that the blood clots could be more 
efficiently lysed if the lytic agent were delivered to the 
clot at high velocity using a forceful injection. This 
would reduce the time needed to complete the proce- 



For optimal lysing, the lytic agent should be deliv- 
ered at an even flow rate at the desired high pressure 
required for high velocity impact from exits provided 
along a predetermined length of catheter. Yet this high 
pressure/even flow rate function must be provided by a 
catheter which prevents back flow of blood into the 
catheter at ambient pressure. 
It is an object of this invention to provide a catheter 



therein. The slits overlie the windows. The modulus of 60 which provides the high pressure/even flow input func- 



elasticity of the outer wall is less than the modulus of 
elasticity of the inner wall and this difference in the 
elasticity of the two walls permit the slit/window com- 
bination to act as a valve. Another example of a catheter 
formed with slits rather than holes is disclosed in U.S. 
Pat No. 4*973,319 issued to Gerald S. Melski on Nov. 
27, 1990. The Melski Patent discloses a catheter for 
infusing fluids into a vein or artery. The fluids to be 



65 



tion while meeting the other necessary objectives of 
such a catheter including preventing back flow of blood 
into the catheter at ambient pressure and providing a 
design which is capable of being steered through the 
vascular system. 

It is a related purpose of this invention to provide this 
objective in a catheter which is relatively inexpensive to 
manufacture. 
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FIG. 20 is a view of a variable infusion length cathe- 
BR1EF DESCRIPTION ter tne gjccvc in the catheter internal diameter. 

In one embodiment of the present invention a cathe- FIG. 21 is a cross-sectional view of an alternative hub 
ter for introducing material into the vascular system is design to be used with the catheters of FIGS. 8-11. 
provided. The catheter has an elongated catheter body. 5 nccrpiimnM nc twp prfffrrfd 
The elongated catheter body has an annular side wall DESCRIPTION OF TO^FERRED 

which defines a catheter lumen. The catheter body has * U . 

a proximal portion through which material, such as Referring now to the drawings and more particularly 
fibrinolytic agents, can be introduced into a catheter to FIGS. 1-7 and 12-20, the reference numeral 10 de- 
lumen. The catheter body also has a distal portion. The 10 notes one embodiment of the catheter of the present 
distal portion has a single wall in an exit zone. At least invention. Catheter 10 is designed for delivering fluid 
one pressure responsive exit is formed in the side wall of into the vascular system. One intended use of catheter 
the exit zone. The pressure responsive exit permits ma- 10 is to deliver fibrinolytic agents to the site of blood 
terial to exit from the catheter lumen while preventing clots to aid in Iysing of the same. These fibrinolytic 
material from entering into the catheter lumen. 15 agents are delivered at low volumes and high velocities. 

For example, the volume is typically 0.2 ml to 0.5 ml 

BRIEF DESCRIPTION OF THE DRAWINGS (milliliters) over 5 to 200 milliseconds. For optimal 

FIG. 1 is a side elevational view of one embodiment lysing the fibrinolytic agent should be delivered with an 
of the catheter of the present invention. even distribution so that the blood clots are dissolved in 

FIG. 2 is an enlargement of a portion of the distal end 20 an accelerated and an efficient manner. Another in- 
of the FIG. 1 catheter showing the slit in a closed posi- tended use of catheter 10 is to deliver contrast media at 
ti 0n . a high, even flow rate for angiographic studies. 

FIG. 3 is a view analogous to FIG. 2 showing the slit Catheter 10 has an elongated catheter body 12 with 
in an open position. an annular side wall 14 defining a catheter lumen 16. 

FIG. 4 is a sectional view taken generally along line 25 The catheter body 12 has a proximal portion 18 with an 
4—4 of FIG. 3 and indicating the direction of flow of opening (not shown) through which fluid is introduced 
material outwardly from the catheter slit. into the catheter lumen. Catheter body 12 has a distal 

FIG. 5 is an enlarged view of the distal end of another portion 22. The distal portion 22 includes an infusion 
embodiment of the catheter of the present invention length 24 with a plurality of slits 26 which serve as 
showing a slit in the closed position. 30 pressure responsive valves. In at least the areas of the 

FIG. 6 is a view analogous to FIG. 5 showing the slit infusion length 24, the catheter sidewall is a single wall, 
in the open position. As best shown in FIGS. 16 and 17, the distal portion 

FIG. 7 is a sectional view taken generally along line 22 of catheter sidewall 14 includes a tapered zone 13. 
7—7 of FIG. 8 and indicating the direction of flow of This taper 13 creates a seat 40 for an occluding ball 38 
material outwardly from the catheter slit. 35 associated with an occluding wire 41. The inner diame- 

FIG. 8 is a sectional view of another embodiment of ter of the two portions of the catheter sidewall 14, prox- 
the catheter of the present invention showing a stainless imal and distal of the taper 3, can vary dependent upon 
steel coil defining a spiral slit and a polymer sleeve over the intended use of catheter 10. In one embodiment of 
the coil from the proximal hub to the open coil segment. the invention, the catheter 10 has an inner diameter of 

FIG. 9 is a sectional view of another embodiment of 40 about 0.047 inches and the end distal of the taper 13 is a 
the catheter of the present invention showing the spiral straight portion 23 having a length of about 0.20 inches 
slit with a partial polymer shaft. and an inner diameter of about 0.037 inches. The taper 

FIG. 10 is a sectional view of another embodiment of zone 13 has an angle of approximately 20 degrees and a 
the catheter of the present invention showing a stainless length of about 0.02 inches. 

steel braid and a polymer sleeve over the braid from the 45 Occluding wire 41 includes a distal coil spring 36 
proximal hub to the open braid segment. having an outer diameter of about 0.035 inches. Distal 

FIG 11 is a sectional view of another embodiment of coil spring 36 protects the arterial wall from the cathe- 
the catheter of the present invention showing a stainless ter tip. Occluding ball 38 has a diameter of about 0.044 
steel braid and a partial polymer shaft. inches. When advanced in catheter 10, the occluding 

FIG. 12 is a side elevational view of another embodi- 50 ball 38 seats in the taper 13 to seal the distal end hole 22c 
ment of the catheter of the present invention. of catheter 10. By sealing end hole 22c fluid flow from 

FIG. 13 is an enlargement of a portion of the distal the distal end hole 22c is prevented. Occluding wire 41 
end of the FIG. 12 catheter showing the slit in an open may be retracted to open end hole 22c When the De- 
position, eluding ball 38 is seated and end hole 22c is sealed, all 

FIG. 14 is a sectional view taken generally along line 55 fluid flow is from the slits 26. When the occluding ball 
14—14 of FIG. 13. is not seated in the taper 13, both fluid and an associated 

FIG. 15 is an elevational side view of an occluding guide wire (not shown) may exit from the end hole 22c. 
wire intended for use with FIGS. 1-7, 12-14, and 18-20 Alternately, a shallow taper can extend along an end 
embodiments. area of the catheter to reduce the catheter diameter to 

FIG. 16 is a sectional view of the embodiment shown 60 less than ,the diameter of the wire 41 so that a wire can 
in FIG. 5 or 12 showing an occluding ball seated in the be used to effect the sealing and unsealing of the end 
catheter distal taper and the end hole sealed. hole 22c. 

FIG. 17 is analogous to FIG. 16 showing the ball Occluding wire 41 may be provided with a proximal 
unseated and the end hole open. platinum radiopaque marker 42 (see FIG. 15). When the 

FIG. 18 is a view of the catheter in FIGS. 1-7, and 65 occluding wire 41 is in place in the catheter, the marker 
12-14 with radiopaque markers on the catheter shaft. 42 indicates the location of the most proximal slit. The 

FIG. 19 is a view of variable infusion length catheter occluding ball 38 helps locate the most distal slit. This 
with the sleeve on the outside. aids in use of catheter 10 with fluoroscopy. 
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Another way to identify the infusion length and show Alternatively, slits 26 may be semicircularly shaped, 

slit locations can be done by placing radiopaque mark* The semicircular slits each have a diameter of about 

ers 50 on the catheter body 10 itself, as shown in FIG. 0.065 inches and are spaced longitudinally apart from 

18. A marker 50 could be placed on the shaft, just proxi- one another by 0.1 inches and are radially spaced from 

mal of the first proximal slit and just distal of the last 5 one another by 90 degrees to provide one semicircular 

distal slit. This would allow the catheter to be used with slit at 0. 1 inch intervals along the infusion length 24: 

a conventional guide wire and yet still show slit loca* The semicircular slits have minimal opening pressure of 

tions. i psig and will hold 3 psig before allowing fluids to flow 

Catheter 10 is formed of a relatively non-compliant inwardly into the catheter, 

material and in the preferred embodiment is formed of 10 In the preferred embodiment, catheter 10 is a 5 

nylon. Material should have a flexural modulus in the French catheter. In one embodiment, the 5 French 

range of 3x10* PSI to 1.0X10 5 PSI and be able to catheter is about 35.4 inches long. In another embodi- 

withsund internal pressures of at least 1,100 PSI. Slits mem, the 5 French catheter is about 53.1 inches long. 

26 arc integral with the catheter wall. The response of The 35.4 inch catheter has in infusion length 24 of 

slits 26 to pressure is related to the flexural modulus of 15 between 3.9 inches and 7.8 inches, the 53.1 inch cathe- 

the slits and, the deflection of the slits is proportional to ter has an infusion length of between 3.9 inches and 

WIA /E where W equals load in pounds, L equals about 7 g ^ches. Where straight slits are used in a cathe- 

length in inches of the slits and E equals flexural mod- ^ t 3 9 fa ch infusion length 24, there are 80 slits, 

ules of the material. The slits 26 are formed so that they each havmg a length of0.03mches. Where the straight 

will not deflect into the catheter lumen when the cathe- 20 ^ m ^ m a nthtxer with a 7.8 inch infusion 

ter is steered around a curve. This is necessaryto allow j h ^ m 160 ^ ^ t lcngth of a015 

catheter 10 to be advanced m the vasculature. The num- \n C bes 

ber of rows of slits and the area taken up by the slits in Alternatively, another design is shown in FIG. 19. 

any radial plane, should be such that the tensile and This design shows a catheter such as those in FIGS. 1-7 

compression; strength , of the catheter is not greatly com- 25 ^ ^J^g a ^vt « over ^ ou ter wall of the 

promised This too allowsthe cathetei -to be advanced Slecvc fits with a radial clearance of about 

t^js^^sxxs as :a±»JS^Js~r 

30 

is exposed to increased internal pressure, slits 26 flex * «° P« v en flow therethrough The sleeve 60 pro- 
openXLing fluid to flow fromfce interior lumen of 35 ^^V^?^^^ 

the catheter therethrough, In each single embodiment «"«d s lite. As fluid follows the path of tost rests- 
of catheter 10 all of the slits 26 ar of the same geometry *ance it will exit from the non^vered shts. TTie use of 
and material and thus the load which will open each slit «> ^ l°ws ** user » •*« ^ mf ™ 0T \ 

is the same. The slits will thus open almost simulta- * selectively covermg^some sl!ts. T*e proximal 

neously. When fluid is rapidly infused into the catheter, 40 end of sleeve 60 has a hub 80 for ^ppmg lUdiopaque 
the pressure rise within the catheter lumen will be fast m f kcrs w » 90 P™?* at f** rad ° f the 
resulting in an approximate uniform load on all slits to at *? e dttta * *f °/ *~ VC *°' 

result in a uniform flow of material out of all of the slits. FIO. 20 shows another method of providing the same 
Slits 26 open at a first predetermined internal pressure variable infusion length. A sleeve 91 that fits , mto the 
to allow material to exit from the catheter lumen. Slits 45 wner diameter 0 the catheter * Provided. A fitting 92 
26 will not open, under ordinary circumstances, in re- consisting of a body 92b. a cap 92b and a grommet 92c 
sponse to external pressure. The slits 26 thus prevents « connected to the catheter hub Sleeve 91 fits into the 
back flow of material into the catheter 10. The slits 26 grommet and is advanced 1 into the inner lumen of the 
resist opening at low internal pressures and this allows catheter. Sleeve 91 is made of a polyolefin or fluoro- 
flushing of the entire length of the catheter without 50 polymer material, .and Jul Jjj distal ttpradiop^ue marker 
problems of clot formation at the distal catheter end. » «d proximal hub 94. There are depth mdicators 95 
In a preferred embodiment the infusion length 24, on sleeve 91. Advancing sleeve 91 into the catheter 
encompassing the set of shts 26, is between 0.984 inches «*als off slits thus giving variable infusion lengths. The 
to 7.874 inches in length. As shown in FIGS. 1 through alit infusion length is discemable using a radiopaque 
4 and 12 through 14, slits 26 may be straight The 55 marker 93 oh the sleeve 91 and a distal infusion length 
straight slits are equal in sire and are equidistant from radiopaque marker 50 o the catheter. The occluding ball 
one another. The straight slits are longitudinally spaced can also act as a distal infusion length marker, 
from one another by 0. 1 inches and are regularly spaced Referring now to FIGS. 8 and 9, the reference nu- 
apart from one another by 90 degrees to thus provide meral 100 denotes another embodiment of the catheter 
four slits at each 0. 1 inch interval along the length of the 60 of the present invention. Catheter 100, like catheter 10, 
exit zone. The straight slits may be at an angle of about is designed for delivering fluid into the vascular system 
45 degrees to a longitudinal side wall line. Alternatively and more particularly is designed to deliver fibrinolytic 
they may be parallel to a longitudinal side wall line. The agents, at high velocities, to the site of blood clots to aid 
tninimum opening pressure for the straight slits is one in the accelerated and efficient lysing of the same. 
(1) psig. The straight slits will hold three (3) psig before 65 Catheter 100 includes a polymer side wall 102 and an 
allowing fluid to flow inwardly into the catheter. The exposed distal coil 104 which together define a catheter 
slits allow good penetration and distribution of the fibri- lumen 106. A proximal hub 108 is provided. Polymer 
nolytic agent. side wall 102 extends between proximal hub 108 and the 
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exposed distal coil 104. A wire 110 connects the proxi- 
mal hub 108 to the distal tip 112 of catheter 100. 

The exposed distal coil 104 provides a single wall exit 
zone valve. The exposed distal coil 104 is normally held 
in a compressed state by a tension screw 116, an adjust- 5 
ing nut 120 and pre-loaded spring 122. 

Exposed distal coil 104 has an outer diameter of about 
0.03 inches and a length of about 0.2 inches to 0.79 
inches. Connecting wire 110 serves to transfer force 
from the adjusting nut 120 and pre-load spring 122 to 10 
the distal coil 104. Adjusting nut 120 and spring 122 
control the amount the distal coil 104 can open and by 
turning nut 120 the coils can be compressed. In a pre- , 
ferred embodiment the coil can open 0.001 to 0.003 
inches, thus creating a slit that is open 360 degrees. 15 
Pre-load spring 122 also serves to keep the coil in the 
compressed state. 

When an injection is commenced, fluid is injected 
into a side port 128 which communicates with catheter 
lumen 106. 0-rings 118 are provided to seal the hub end 20 
to prevent proximal fluid flow. The fluid flows distally 
through the catheter lumen where the pressure pro- 
duced by the flow forces the normally compressed coil 
to open so that fluid can exit from the coils. As shown 
in FIG. 9, the distal exposed coil may be attached to a 25 
piece of hypotubing 130 by bonding or soldering. The 
hypo*tubing 130 is fit into polymer side wall 102. 

As best shown in FIGS. 10 and 11, in lieu of a distal 
exposed coil a distal exposed braid 132 may be used 
with a catheter 100. Braid 132 is made of small diameter 30 
or flat wire and uses at least sixteen separate wires 
which are individually woven with a minimum of 32 
picks or cross-overs per inch to provide a plurality of 
small openings 134 which act as valves. Both the braid 
and coil can be adjusted to achieve appropriate mini- 35 
mum opening pressures and to prevent backflow below 
a threshold pressure. 

An alternative hub design for the FIGS. 8-11 em- 
bodiment is shown in FIG. 21. The hub 200 consists of 
a body 201, a compression spring 202, a platform 203, an 40 
o-ring 204, and a cap 205. The catheter 100 is attached 
to the cap. The wire 110 is attached to a platform. The 
platform 203 is a cross that abuts the compression spring 
202. The hub body 201 screws into the cap 205. The 
O-ring 204 seals the inner wall of the cap 205. By screw- 45 
ing or unscrewing the body 201, a force is applied on 
the compression spring and transmitted down the wire 
110 to the distal tip. Upon forceful injection, the flow 
hits the exposed coil or braid. The force of injection is 
transferred back to the platform 203 via wire 110. This 50 
causes the compression spring to be compressed which 
controls the amount the distal coil or braid can open. 

This hub design has only one through lumen, making 
it easier to prime and assemble. Since the platform 203 
is in the shape of a cross, the fluid can flow through its 55 
openings, through the compression spring 202 and to 
the catheter lumen 206. 

The amount of coil or braid exposed in catheter 100 is 
dependent upon the use for which catheter is intended. 



What is claimed: 

1. A catheter for introducing material into the vascu- 
lar system comprising: 

an elongated catheter body having a single ply uni- 
tary sidewall defining a catheter lumen, said side- 
wall comprised of solely one material, said catheter 
body having a proximal portion with means 
through which material is introduced into the cath- 
eter lumen and a distal portion; 

said catheter including an end hole formed at the end 
of the distal portion, said end hole being shaped 
and dimensioned to receive a guidewire there- 
through; and 

a plurality of longitudinally displaced normally 
closed pressure responsive exits formed in the side- 
wall of the distal portion of said catheter body, said 
pressure responsive exits defining an exit zone, said 
pressure responsive exits permitting material to exit 
from said catheter lumen in response to an internal 
fluid pressure over a first predetermined amount 
while preventing material from entering into said 
catheter lumen at an externa) pressure less than and 
up to a second predetermined amount, and a re- 
duced diameter region on the catheter body distal 
to said exit zone creating a seat; 

a removable occluding wire having an occluding 
region shaped and sized to engage said seat so as to 
permit selective opening and occluding of said end 
hole whereby fluid flow through the catheter pres- 
sure responsive exits may be directed. 

2. The catheter of claim 1 wherein said second prede- 
termined amount is greater than said first predetermined 
amount. 

3. The catheter of claim 1 wherein said occluding 
wire occluding region is ball shaped. 

4. The catheter of claim 1 wherein said sidewall, at 
the vicinity of said pressure responsive exits is com- 
posed of resilient material. 

5. The catheter of claim 4 wherein said plurality of 
pressure responsive exits are slits formed in said side- 
wall. 

6. The catheter of claim 5 wherein said slits are radi- 
ally displaced from one another. 

7. The catheter of claim 5 wherein said catheter is 
made of nylon. 

8. The catheter of claim 5 wherein said slits are equal 
in size and wherein said slits re equidistant from one 
another. 

9. The catheter of claim 8 wherein said slits are at an 
angle of about forty-five degrees to a longitudinal side- 
wall line. 

10. The catheter of claim 8 wherein said slits are 
parallel to a longitudinal sidewall line. 

11. The catheter of claim 8 wherein the distal portion 
is about 0.98 inches in length. 

12. The catheter of claim 8 wherein the distal portion 
is about 8.0 inches in length. 

13. The catheter of claim 11 or 12 wherein the slits 



The braid or coil provides catheter 100 with sufficient 60 are curved, and wherein the slits are longitudinally 



pushability, torqueability and stiffness to allow it to be 
steered through the vascular system without the need of 
a separate guide wire. Thus, there is no need to have an 
end hole associated with catheter 100. The outer diame- 
ter of the catheter cannot exceed 0.038 inches. This 65 
allows the. catheter to behave similar to a guide wire in 
steerability and pushability. If needed, a standard bal- 
loon catheter could be advanced over the catheter 100. 



spaced apart from one another by 0.2 inches and radi- 
ally spaced apart from one another by 90 degrees to 
provide one slit at 0.1 inch intervals along the length of 
the distal portion of the catheter. 

14. The catheter of claim 11 or 12 wherein the slits 
are longitudinally spaced apart form one another by 
about 0.1 inches and radially spaced apart from one 
another by 90 degrees to thus provide four slits at 0.1 



09/23/2003, EAST Version: 1.04.0000 



5,250,034 



inch intervals along the length of the distal portion of 
the catheter. 

15. The catheter of claim 14 wherein said slits are at 
an angle of about forty-five degree to a longitudinal 
sidewall line. 

16. The catheter of claim 14 wherein said slits are 
parallel to a longitudinal side wall line. 

17. The catheter of claim 1 and further comprising 
sleeve means for selectively blocking said pressure re- 
sponsive exits to prevent fluid flow therefrom. 

18. The catheter of claim 17 wherein said sleeve 
means is made of a relatively low-friction polymer. 



10 



10 



19. The catheter of claim IS wherein said sleeve 
means is formed of fluoropolymer. 

20. The catheter of claim 17 wherein said sleeve 
means is formed of polyolefln. 

21. The catheter of claim 17 wherein said sleeve 
means is shaped and dimensioned to fit over at least a 
portion of the catheter sidewall. 

22. The catheter of claim 17 wherein said sleeve 
means is shaped and dimensioned to fit inside the cathe- 
ter. 

23. The catheter of claim 21 or 22 wherein said cathe- 
ter sidewall has markings thereon to indicate the posi- 
tion of said sleeve means in relation to said catheter. 

• • » • * 
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